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MEMORANDUM

To: Burt Shephard, EPA Region 10

From: Shannon Katka, Matt Luxon, John Toll, Windward Environmental LLC
Subject: Evaluation of TBT Risk to Fish in Portland Harbor

Date: October 28, 2010

CC: Eric Blischke, EPA Region 10

This memorandum presents an updated evaluation of tributyltin (TBT) toxicity
reference values (TRVs) for use in assessing risk to fish receptors in the Lower
Willamette River Study Area. This evaluation builds on the evaluation presented in the
draft baseline ecological risk assessment (BERA) (Windward 2009), which was
submitted to the US Environmental Protection Agency (EPA) on August 19, 2009.
Specifically, additional information for setting the dietary TRV for fish is provided, and
as discussed with EPA’s Portland Harbor ecological risk assessment lead (Burt
Shephard), an updated dietary TRV is recommended by LWG for use in the revised
BERA.

1 DIETARY DOSE ASSESSMENT

A TBT dietary dose assessment was presented in the draft BERA (Windward 2009) as
directed in EPA’s BERA problem formulation (EPA 2008). For this assessment, the daily
dose of TBT in prey tissue and sediment (which might be incidentally ingested) from
the Study Area were compared with dietary dose no-observed-adverse-effect level
(NOAEL) and lowest-observed-adverse-effect level (LOAEL) TRVs derived from the
literature.

The TRV used in the draft BERA (Windward 2009) was based on only one dietary TBT
toxicity study (Shimasaki et al. 2003). Although this study was recognized to have
significant uncertainty and was regarded as an unreliable basis for estimating a toxicity
threshold, it was used in the BERA due to lack of better information. Since the draft
BERA was issued, four additional dietary TBT toxicity studies of sufficient quality
study design and documentation have been identified (Nakayama et al. 2004; 2005;
Nirmala et al. 1999; Shimasaki et al. 2006). These additional studies were not included in
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the draft BERA because the literature search conducted for the draft BERA did not
return these studies as containing dietary TRVs. Table 1 summarizes the dietary dose
calculations, feeding rate assumptions, and shows dietary NOAELs and LOAELs
derived from the five studies reviewed.

Dietary dose LOAELs ranged from 0.0020 mg/kg body weight (bw)/day for reduced
body weight in juvenile (35 days old at test initiation) Japanese flounder following

65 days of dietary exposure (Shimasaki et al. 2003) to 10 mg/kg bw/day for reduced
hatchability and number of viable offspring of Japanese whiting spawned after dietary
exposure of both parents to TBT for 3 weeks during the reproductive period (Shimasaki
et al. 2006). The NOAELs derived from the studies reviewed ranged from 0.030 to 1.0
mg/kg bw/day.

The LOAEL and NOAEL of 0.0020 and 0.00042 mg/kg bw/day, respectively, calculated
from Shimasaki et al. (2003) were used in the draft BERA (Windward 2009) because it
was the only study being considered at the time. The NOAEL was extrapolated from
the LOAEL using an uncertainty factor of 5. As a basis for the LOAEL, Shimasaki et al.
(2003) had significant uncertainty:

¢ Ingestion rate and body weight were not reported in the study so the calculated
doses were based on an assumed ingestion rate of 2% body weight per day.

# Parental fish were experimentally manipulated to produce all female offspring
that were subsequently used for the TBT toxicity experiments.

¢ High mortality was observed in both the control and TBT-exposed groups
(survival was 42% in the control group and 57% in the LOAEL group). In
standardized fish toxicity tests, control survival less than 90% generally
invalidates the test (e.g., ASTM 1996).

o Fish were fed ad libitum, but the daily feeding rate was not reported and so was
assumed to be 2% of body weight per day.

¢ The reported LOAEL was 2 to 5 orders of magnitude lower than the LOAELSs
derived from the other dietary TBT studies identified.
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Table 1. Fish dietary TBT toxicity studies

Test Exposure
Species Conditions Endpoint: Effect Source Notes
study unreliable
growth; sex reversal: because of
reduced body weight and manipulation of
dietar length (35% reduction in Shimasaki parental fish, high
Japanese ex os)fjre for body weight and 12% ot al control mortality, and
flounder 65pda < reduction in length at (200'3) undocumented
Y LOAEL compared with feeding rate®; LOAEL
control group); increased effects measured as
sex reversal to male statistically different
from controls
reproduction: reduced
swim-up success (10.4% at
LOAEL vs. 1.1 and 2.5% at
Japanese quatce)gl]frltla via NOAEL and control, Nakayama lr_n?egsEqueecfif ZZIS
mtfdaka diept for respectively) and etal. statistically different
3 ook hatchability (65.4% at (2005) om Comr{ﬂs
LOAEL vs. 97.1 and 93.3%
at NOAEL and control,
respectively])®
reproduction: reduced
maternal hatching (63% at LOAEL vs. gf\fsg;skg t())??er)\(/ egsifrtg'r
._ | ~85% at control), swim-up . P '
Japanese exposure via Nirmala et LOAEL effects
: (42% at LOAEL vs. ~95% at
medaka diet for | d emb . al. (1999) measured as
3 weeks control), and embryonic statistically different
success (~80% at LOAEL from controls
vs. 95% in control)
maternal . LOAEL effects
Japanese exposure via reproduction: reduced Nakayama measured as
me?daka dieF; for fertilization success (46% at | et al. statistically different
LOAEL vs. 96% at control) | (2004) y
3 weeks from controls
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No-Effect | Effect Food
NOAEL | LOAEL Conc. Conc. Body Ingestion
Test (mg/kg (mg/kg Exposure (mg/kg (mg/kg | Weight Rate (kg
Species | bw/day) | bw/day) | Conditions Endpoint: Effect Source dw) dw) (kg) dw/day) Notes

reproduction: reduced
floating egg rate (83% at
LOAEL vs. 94 and 93% at

NOAEL and control, LOAEL effects

Japanese dietary respectively), hatchability Shimasaki measured as
thi)tin 1.0 10 exposure for | (82% at LOAEL vs. 91 and | etal. 20 200 0.046% 0.0023" statistically different
9 30 days 92% at NOAEL and control, | (2006) y

. from controls
respectively, and number of

viable larvae (422 at LOAEL
vs. 825 and 709 at NOAEL
and control, respectively)

Body weight reported in study.
Food ingestion rate estimated as 2% of body weight per day.
All test fish were genetically XX fish (i.e., female) bred from two genetically XX parents though one parent was phenotypically and functionally male. Growth was
significantly reduced at 100 days and was recovered after 300 days past hatching (growth not significantly affected at 300 days; however, organisms were only
exposed until day 100). Survival was not significantly affected; however, there was high mortality in all groups including control (control survival = 42%; LOAEL
survival = 57%).
Exact swim-up success and hatchability percentages were obtained from Oshima et al. (2009), Table 11.2.
Food ingestion rate of 3% of body weight per day was reported in the study.
Food ingestion rate of 1% of body weight per day was reported in the study.
9 Body weight is based on Nakayama et al. (2005).
Food ingestion rate of 5% of body weight per day was reported in the study.
bw — body weight LOAEL — lowest-observed-adverse-effect level NOAEL — no-observed-adverse-effect level
dw — dry weight na — not available TBT — tributyltin
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The other four studies being evaluated here were better documented and more suitable
for use in deriving TRVs for use in the BERA. The relative strengths and weaknesses of
these papers are as follows:

¢ Nakayama et al. (2005) reported a LOAEL and NOAEL of 0.15 and 0.030 mg/kg
bw/day, respectively (ingestion rate and body weight were reported in the study
so that calculated doses could be verified). Japanese medaka fed 0.15 mg/kg
bw/day of TBT for 3 weeks experienced a statistically significant reduction in
offspring swim-up success and hatchability compared with those of the control
group. The text in Nakayama et al. (2005) reports that swim-up failure was
significantly increased in fish fed 0.030 mg/kg bw/day; however, Figure 3b
indicates swim-up failure was significantly lower than controls at this
concentration. Oshima et al. (2009) presents data from Nakayama et al. (2005) in
tabular form that also confirms the significant improvement in swim-up success
at the 0.03 mg/kg bw/day dose. Hatchability was not statistically different from
controls in fish fed 0.030 mg/kg bw/day. No mortality was reported for adult
fish during the 3-week exposure period in either the TBT-exposed groups or the
control group, and control offspring hatchability was 90%. Fertility rates of fish
were also measured prior to exposure; average fertility rates were >90% in both
the control and exposure groups.

¢ Nirmala et al. (1999) and Nakayama et al. (2004) both reported unbound LOAELs
of 1.0 mg/kg bw/day based on statistically significant adverse reproductive
effects. Food ingestion rates were reported in both studies. Similar to Nakayama
et al. (2005), Nakayama et al. (2004) reported no mortality of adult fish during the
3-week exposure period in either the TBT-exposed groups or the control group,
and the average fertility rates of fish measured prior to exposure were >85% in
the control and exposure groups. Although observations of adult mortality were
not reported by Nirmala et al. (1999),! the control group offspring was > 90%.

& Shimasaki et al. (2006) reported a NOAEL and LOAEL of 1.0 and 10 mg/kg
bw/day, respectively (ingestion rate and body weight were reported in the study
so that calculated doses could be verified). Japanese whiting fed 1.0 mg/kg
bw/day of TBT for 30 days experienced a statistically significant reduction in
floating egg rate, hatchability, and number of viable larvae compared with those
of the control group; no significant effect on offspring swim-up success or
hatchability was observed in fish fed 10 mg/kg bw/day. Fish were collected off
the coast of Tsuyasaki, Japan, and the exposure levels of fish prior to the
experiment were unknown; however, TBT concentrations measured in control
group eggs indicated negligible TBT accumulation. Although observations of

1 Although the study did not report mortality, “no adverse appearance” in adult fish was noted during
the 3-week exposure period.

DO NOT QUOTE OR CITE
This document is currently under review by US EPA and its federal,
state, and tribal partners, and is subject to change in whole or in part.



Evaluation of TBT Risk to Fish in Portland Harbor
October 28, 2010 Page 6

adult mortality were not reported by Shimasaki et al. (2006), the control group
offspring hatchability was > 90%.

The LOAELSs associated with reproductive effects as reported in these four additional
studies have substantially less uncertainty associated with them than does the LOAEL
reported by Shimasaki et al. (2003):

¢ Ingestion rate and body weight were reported in the study so that calculated
doses could be verified.

# Reproductive effects observed in all four studies were based on paired
genetically male and female adults.

¢ Nakayama et al. (2004) and Nakayama et al. (2005) reported no mortality in any
of the TBT-exposed or control groups, and reproductive endpoints measured in
the other two studies (Nirmala et al. 1999; Shimasaki et al. 2006) appear to reflect
acceptable testing conditions; whereas high mortality was reported in the control
group from Shimasaki et al. (2003).

¢ The LOAEL reported by Nakayama et al. (2005) is bounded, meaning that a
NOAEL is also available from the study. Extrapolating a NOAEL from a LOAEL,
as was done to derive the NOAEL from Shimasaki et al.(2003), is uncertain.

Because of the documented problems and uncertainty associated with the toxicity data
reported in Shimasaki et al. (2003), the LWG recommends that the next lowest NOAEL
and LOAELSs, which are from Nakayama et al. (2005) should be used in the revised
BERA for the evaluation of dietary risks to fish from TBT. TTCs and TSCs derived using
the NOAEL and LOAEL from Nakayama et al. (2005) should be used to screen prey
tissue and sediment data and derive hazard quotients (HQs) in the revised BERA.

2 TISSUE-RESIDUE ASSESSMENT

No changes to the tissue residue assessment of TBT for fish are recommended for the
revised BERA. In the fish tissue-residue assessment line of evidence (LOE), whole-body
concentrations of selected fish receptors were compared with tissue concentration
thresholds from the literature. Meador argues that the residue effects methodology is
the preferred method for assessing TBT toxicity because the range of body tissue
concentrations across a wide variety of organisms is small in comparison to the range of
exposure concentrations based on ambient media (Meador 2000, 2006).

A tissue TBT screening value of 49.9 ug/kg wet weight (ww) was used in the draft
BERA (Windward 2009) per EPA.2 This value was derived by multiplying the ambient
water quality criteria (AWQC) value of 0.073 pg/L (EPA 2002) by a bioconcentration

2 The approach for developing aquatic tissue-residue screening-level benchmarks was developed by EPA
and its partners (EPA 2005) for data evaluation in the ecological preliminary risk evaluation (Windward
2005). This approach is described in Attachment 5 of the draft BERA(Windward 2009).
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factor® (BCF) of 693. The LWG agrees that this conservative tissue threshold is
acceptable for screening tissue. As presented in the draft BERA, all fish tissue TBT
concentrations were below the tissue screening threshold so TBT was not identified as a

COPC for this LOE.

3 SURFACE WATER ASSESSMENT

No changes to the surface water assessment of TBT and other butyltins for fish are
recommended for the revised BERA. The TBT freshwater aquatic life acute criterion
used as a screening value was based on acute toxicity data for 12 genera, including 6
genera of fish. The 5t percentile of genus mean acute values (i.e., the final acute value
[FAV]) was 0.92 ng/L. The chronic criterion (0.072 pg/L) used as a screening value in
the screening level ecological risk assessment was the FAV divided by the acute to
chronic ratio of 12.69 (EPA 2003). The LWG agrees that this chronic water threshold is
acceptable for screening surface water TBT concentrations. As presented in the BERA,
no TBT surface water samples exceeded the TBT water screening value so TBT was not
identified as a COPC for this LOE. Study Area TBT concentrations were approximately
an order of magnitude or more below the screening value.

4 CONCLUSIONS

Given the uncertainties associated with the dietary TBT fish TRVs based on Shimasaki
et al. (2003) and the additional dietary toxicity data identified subsequent to the draft
BERA (as described above), the evaluation of risks to fish from TBT should be presented
in the revised BERA using a revised dietary TRV that’s based on the next lowest
LOAEL, which comes from Nakayama et al. (2005). No changes to the tissue-residue
and surface water LOEs will be made in the revised BERA for the evaluation of TBT
risks to fish.
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